Isolated porcine thyroid cells reorganize in culture into various types of multicellular structure, which differ in the orientation of cell polarity and in the surface of the cell layer accessible to molecules present in the culture medium. T he types of structure are: (1) follicles', the basal pole is oriented toward the medium; (2) inside-out follicles or monolayers: the apical pole is facing the culture medium; (3) monolayers on a perm eable substratum', both sides of the cell layer are accessible to the medium. Follicles can be transformed into inside-out follicles or monolayers and vice versa by manipulation of the external cell environment and without dissociating the cells.
INTRODUCTION
For several years the aim of our work has been to investigate the relations existing between cell organization within a tissue and expression of tissue-specific functions. For these studies thyroid cells in culture have been used. In this article I shall first set our work in its conceptual context and then report and discuss our results and related data from other systems.
DESCRIPTION OF THE BIOLOGICAL SYSTEMS
Biological systems can be described by two types of parameter: (1) numbers allow measurement of enzymic activities, synthesis and degradation rates, intermolecular * Author for correspondence.
interactions, e tc .; (2) pictures are necessary to describe the organization of molecules and organelles within cells and of cells within tissues. Organization of space and the generation of compartments are prominent features of living systems and the study of transfer of material from one compartment to another requires the use of both types of parameter. Numbers describe the properties of various compartments and the flux of molecules between them ; pictures describe their shapes, sizes and relative positions.
T h e formation of specific boundaries between compartments requires molecular sorting and addressing, permitting the maintenance of cellular and supracellular organization despite continuous turnover of various elements (proteins, lipids). These boundaries are formed by membranes at the cell level and by cell layers at the multicellular level. T h eir properties, i.e. molecular composition and enzymic activity for membranes, and cellular composition for cell layers, are responsible for generating the transboundary asymmetry. T h is might be, by itself, a stabilization factor for the boundary, which appears therefore as an autostabilized structure.
THE MONOSTRATIFIED EPITHELIUM
One of the simplest examples of multicellular organization is the monostratified epithelium formed by a single layer of polarized epithelial cells. T h is type of organization is very common and is found, for example, in linings of internal cavities (intestinal tract, lung, etc.) , the urinary tract (kidney, urinary bladder), all exocrine glands and the thyroid gland. In this type of tissue the consequences of cell organization can be summarized in one w ord: polarization . T h is polarization can be defined at two successive levels: at the level of the cell layer and at the level of individual cells.
T h e cell layer is polarized and separates two compartments. One compartment is the serosal or basolateral compartment containing the milieu interieur, source of nutrients and stimulators and limited by the basement membrane in contact with the basal pole of the cells; the other is the mucosal or apical compartment, the composition of which is specific for each tissue. T h e function of the tissue is often the transport of molecules, ions or water from one compartment to the other or secretion of macromolecules into the apical compartment. Parameters that depend on the existence of the continuous cell layer include transepithelial electrical properties (potential difference, resistance) and transepithelial transport of ions and macromol ecules. T h e tight junctions formed between cells close the intercellular space, resulting in a diffusion barrier to ions and macromolecules present in each compartment.
Individual cells are polarized. T h e tight-junctional belt that closes the intercellular space separates two plasma membrane domains with different compositions and functions. T h e apical domain is orientated towards the mucosal compartment; it is often covered with more or less dense microvilli. T h e basal and lateral domains are not separated by a clear boundary, but the basal domain is in contact with the basement membrane and the lateral one is adjacent to neighbouring cells, bearing gap junctions and intercellular desmosomes. Each membrane domain, apical and basolateral, contains specific proteins and has specific functions, transport properties or enzymic activities; the asymmetry of membrane domains is responsible for the asymmetry of the cell layer and for the specific composition of the apical compartment. T h e cytoplasmic mass of the cell is also polarized, with the centriole and Golgi complex usually located in the apical portion of the cytoplasm and the cytoskeleton associated with microvilli and tight junctions also revealing polariz ation.
THE THYROID EPITHELIUM
We have studied the organization of epithelial thyroid cells in culture in relation to the expression of specific functions. I will review these results together with data obtained by others on similar systems such as kidney cell lines (M D C K or L L C P K 1 ) or mammary cells.
T h e thyroid gland is an endocrine gland that shows the histological organization of an exocrine gland except that it lacks secretory ducts. Epithelial thyroid cells are organized into closed spherical structures, the follicles, formed by a single layer of cells surrounding a cavity filled with a concentrated solution of thyroglobulin. T his protein synthesized by thyroid cells is secreted into the lumen where it is iodinated by a membrane peroxidase and used as a substrate for the synthesis of thyroid hormones, thyroxine and triiodothyronine. Thyroglobulin stored in the colloid vesicle is endocytosed by epithelial cells at their apical pole and hydrolysed in phagolysosomes. T h e thyroid hormones liberated upon hydrolysis are secreted into the circulation at the basal pole of the thyrocyte. Thyroid function requires bidirectional transfer of material in the thyroid cell and polarization appears to be a major feature of thyroid cell differentiation.
POLARITY OF ISOLATED EPITHELIAL CELLS
Polarized epithelial cells can be dissociated from tissue or from cell cultures by conventional try p sin -E D T A (or E G T A ) treatment and maintained for a few hours in suspension. In all systems so far studied, redistribution of membrane proteins over the whole cell surface is observed under these conditions (Pisam & Ripoche, 1976; Ziomek et al. 1980; Feracci et al. 1981) and results from the disappearance of the tight junctions that limit the membrane domains. Morphological polarity, as defined by the existence of organized brush border or localized microvilli, can persist after isolation (Ziomek et al. 1980; Nord et al. 1986) , perhaps due to the stability of the internal cytoskeleton. However, loss of functional polarization is also observed since viruses that bud asymmetrically in polarized M D C K cells emerge over the whole surface of isolated cells (Rodriguez-Boulan et al. 1983) . T h y ro id cells, like other epithelial cells (prim ary cultures or cell lin es), form m onolayers on adhesive substrata. Cells adhere to the substratum , spread and form intercellular tight ju n ction s at points of c e ll-c e ll contact. As a result of adhesioninduced polarization the basal surface of the cell layer is in con tact with the substratum and the apical surface is orientated towards the culture medium (Mauchamp et al. 1979c; Louvard, 1980; Rabito, 1986) . Various substrata can be used: classical ones, such as polystyrene or glass, are impermeable to water and solutes, but more recently water-permeable substrata such as collagen gels or filters (Millipore, Nuclepore) have been introduced. When cells form a monolayer on an impermeable substratum the apical compart ment contains the culture medium and the basolateral compartment is located between the substratum and the cell layer. T h e existence of tight junctions restricts the accessibility of the basolateral domain of the cell membrane to molecules present in the culture medium. T h e monolayer detaches locally from the culture substratum forming fluid-filled hemicysts, or domes, which reveal an apical-to-basolateral water transport and local weakness of cell-substratum adhesion (Sugahara et al. 1984) .
In contrast, when the monolayer is formed on the surface of a permeable substratum (floating collagen gel or filters) the basolateral surface of the cell layer can be reached by molecules present in the medium by diffusion through the substratum. Domes are not observed under these conditions. Accessibility of both surfaces of the cell layer has important consequences for the expression of specific thyroid functions in culture.
Form ation o f attach ed follicles. Porcine (or ovine) thyroid cells seeded in tissue
culture polystyrene dishes at high cell density in thyrotropin (TSH )-supplem ented medium (more than 1 m unitm l-1 ) or in serum-free N C T C 109 on polylysine-coated dishes form follicle-like structures that attach to the plastic substratum (Lissitzky et al. 1971; Fayet et al. 1982) . Cells forming these structures have a spontaneous tendency to migrate and spread on the substratum, leading to the disaggregation of the follicles and to the formation of monolayers within 3-5 days.
Culture in suspension
T h e adhesive substratum is the orienting factor that determines the polarity of adherent monolayers. Adhesion can be prevented by culturing cells in dishes with a hydrophobic surface (bacteriological polystyrene or hydrophobic PetripermHeraeus) or an agarose-coated surface (thin layer of 1 % agarose) as an unstirred suspension. Cells do not attach, but form aggregates and organize within these aggregates. We observe that the orientation of cell polarity, at least for thyroid cells, is dependent on the presence of stimulators in the culture medium: follicles of normal or 'inside-out' polarity may be formed.
In standard media supplemented with calf serum (> 1 %) porcine thyroid cells organize into inside-out follicles or cysts (Mauchamp et al. 1979a,b ,c ; Herzog & Miller, 1981) . Cells form closed spheres, consisting of a single layer of epithelial cells impermeable to high molecular weight tracers. T h e structural polarity of all cells is reversed as compared to genuine follicles. T h e apical pole is orientated towards the culture medium as found for monolayer cells, whereas the basolateral surface limits the interior of the sphere. T h e tight junction limiting the apical pole is close to the outer surface of the cell layer. Such an inverted orientation of cell polarity has been reported for other epithelial cells cultured under these conditions: L L C P K 1 cells (Wohlwend et al. 1985) and M D C K cells (Valentich et al. 1979 ).
When isolated porcine or ovine thyroid cells are seeded at high density (2 X 1 0 6 cells m l-1 ) in agarose-coated dishes in medium containing T S H ( > 5 0 Juunitsm l_1) or another stimulator of the cyclic AMP system (10_{)M-prostaglandin E 2, 5 mM-8-chloro-cyclic AM P, 5 mM-dibutyryl cyclic A M P) the polarity of the cell layer formed within cell aggregates reproduces the orientation found in follicles in vivo (M au champ et al. 1979a,b,c; Inoue et al. 1980) . T h e apical pole is orientated towards the lumen limited by the cell-layer and the basolateral surface is in contact with the culture medium. Such follicles are stable for several days but have a tendency to form large aggregates. Such an effect of stimulating agents on the orientation of cell polarity has not been described for other epithelial cell types.
Culture within collagen m atrices
A collagen gel can be used as a permeable substratum for cell culture but the polymerization protocol (Elsdale & Bard, 1972 ) also permits the embedding of cells within the gel. Porcine thyroid cells embedded inside a collagen matrix at a sufficiently high cell density organize into follicle-like structures within the matrix (Chambard et al. 1981) . These follicles are stable and can be maintained for weeks.
T h e basal poles of the cells are in contact with the collagen fibres and the orientation of cell polarity is due to this cell-collagen interaction. Culture in collagen gels has also been widely used for culturing mammary gland cells (Yang & Nandi, 1983) and submandibular epithelial cells (Yang et al. 1982) .
EXPRESSIO N OF SPECIFIC FUNCTIONS IN CULTURE
We have studied two important properties of thyroid cells in relation to their organization: cyclic AM P response to thyrotropin, and iodide > trapping and organification. An acute cyclic AM P response to T S H stimulation and iodide concentration was observed only when the basolateral surface of the cell layer was directly accessible to molecules present in the culture medium. T h is occurred when cells were either organized into follicles, attached or in suspension (Lissitzky et al. 1971; Mauchamp et al. 1979a) , or when cells formed monolayers on a floating permeable substratum (Chambard et al. 1983) . Iodide organification on thyroglobulin molecules was observed only when cells were organized into follicles, permitting the accumulation of thyroglobulin in the closed lumen.
THE STABILITY OF POLARIZED STRUCTURES
In vivo, polarized epithelial structures are stable. T h e orientation of cell polarity does not change despite turnover of molecular components of the cells and renewal of the cells themselves. Moreover, the transepithelial asymmetry must be maintained and leakage of material, macromolecules or ions, across the cell layer must be controlled. Cell contact with the extracellular matrix, mainly the basement lamina, and transepithelial ionic asymmetry (potential difference, pH difference, etc.) might play a role in stabilizing the orientation of cell polarity.
In contrast, inversion of thyroid cell polarity can occur in vitro, permitting the transformation of follicles into inside-out follicles and of follicles into monolayer, and vice versa, without disaggregating the cells.
Transformation o f follicles into inside-out follicles
Earlier we discussed the organization of isolated cells into various types of structure. Intact follicles can also be obtained by dissociating thyroid glands through mild treatment with collagenase and gentle mechanical dissociation (G artner et al. 1985; Miyagawa et al. 1982; Nitsch & Wollman, 1980a) . Thyroid follicles with preserved polarity were maintained in suspension culture in non-adhesive dishes, in the presence of 0-5 % serum. When isolated follicles were cultured in the presence of high concentrations of serum ( 5 -1 0 % ) , a spontaneous inversion of cell polarity was observed within 2 4 -4 8 h. T h e tight junction appears to migrate along the lateral borders and an apical pole, characterized by microvilli and a cilium, forms on the external surface of the structure (K itajim a et al. 1985; Nitsch & Wollman, 19806) . It is possible that in low concentrations of serum remnants of the basement membrane are responsible for stabilizing the original orientation.
Transformation o f inside-out follicles into follicles
Once organized, inside-out follicles cannot be transformed into follicles by simple modifications of the composition of the culture medium. However, when embedded in a collagen gel an inversion of polarity is observed within 2 4 -4 8 h (Chambard et al. 1981) . Interaction of the collagen fibres with the apical surface of the cell layer induces two types of morphological change (Barriere et al. 1986) . In some areas the microvilli-rich, cilium-bearing apical surface undergoes progressive transformation into a smooth-surfaced basal membrane. In other areas, invaginations of the cell layer appear, with subsequent formation of new tight junctions between cells at the lips of the invagination. These two processes cooperate in the formation of follicles.
Such an inversion of the orientation of cell polarity in collagen gels has also been reported for cysts formed in suspension culture by the porcine kidney cell line L L C P K 1 (Wohlwend et al. 1985) . In cyst-forming cells, the basal cell membranes are not adherent to a substratum located in the cavity of inside-out structures. Hence, the interaction of the external apical surface with the adhesive collagen gel can trigger the reorientation of cells without being hindered by substratum adhesion. T h e orientating potency of adhesive surfaces appears stronger than the stabilization that prevails in inside-out structures.
Transformation o f monolayers into follicles
T h e existence of an adhesive surface fixes the orientation of thyroid cell monolayers. Once the cells have polarized, a second adhesive surface of collagen gel
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can be polymerized in close contact with the preformed apical surface. T h is leads to reorganization into follicles. Some cells do not move, while others migrate as a sheet on the superior adhesive surface, closing cavities in which thyroglobulin accumulates (Chambard et al. 1981) . Similar behaviour was observed with M D C K cells and a normal murine mammary gland cell line (Hall et al. 1982 ): a second adhesive surface offered to the cells disturbs the preformed monolayer; migration and further growth is possible, giving closed structures in the adhesive sandwich.
Transformation offollicles into monolayers
Follicles formed in suspension from isolated cells or directly isolated by col lagenase treatment of thyroid glands readily adhere to tissue culture plastic or collagen gels. Adhesion induces cell migration and the disruption of the follicular structure within hours. T h is migration is delayed by the presence of T S H , which stabilizes the follicular structure, but it is accelerated by E G F , which antagonizes the T S H effect (Waters et al. 1987) .
Re-expression o f specific functions following changes in cell polarity
As pointed out earlier, iodide metabolism and sensitivity to T S H stimulation are strongly dependent on cellular organization. We have followed the expression of these functions when cells forming inside-out follicles reorganize into follicles after embedding in collagen gels (Chambard et al. 1984) . As expected, when polarity reversal occurred, iodide trapping and acute sensitivity to T S H reappeared. Maximal levels were obtained 3 days after embedding, when all cells were organized into follicles. Accumulation of thyroglobulin in the newly formed lumina occurred within 2 -3 days and organification of iodide on thyroglobulin molecules was observed simultaneously.
Re-expression occurred in the absence of T S H , as a result of collagen-induced follicle formation. T S H greatly increased basal levels of iodide trapping and organification when added to the culture medium 4 days after embedding, i.e. after follicle formation. In contrast, T S H had no effect on these parameters when added to the culture medium of inside-out follicles in suspension.
CLOSED AND OPEN STRUCTURES
In vivo, monolayer formation in epithelial tissues results in polarization of the cell layer and in the separation of two compartments. T h e epithelial structures described above are of two distinct types (Mauchamp et al. 1983 ): open and closed (Fig. 1) .
In follicles, inside-out follicles, or monolayers on impermeable substrates, the cell layer separates a compartment from the culture medium and direct access is possible to only one side of the cell layer: these are closed structures. In follicles, the basal surface is in contact with the culture medium, accessible to nutrient and stimulators, while the apical compartment is closed and thyroglobulin can accumulate inside the lumen. T h u s, follicles are functional structures. In contrast, in inside-out follicles or monolayers on plastic, the apical surface is in contact with the medium; expression of specific thyroid function is minimal; thyroglobulin is secreted in the culture medium; iodide trapping and organification are not expressed; and cells do not respond acutely to T S H .
When cells are cultured as a monolayer on floating, permeable substrates, such as collagen gels or filters, no compartments are separated, even though the cell layer is polarized. Both surfaces are accessible to molecules present in the medium. These are open structures. T h ey express only part of their function, since thyroglobulin cannot accumulate in a closed lumen and ionic asymmetry cannot be generated.
EPITHELIAL CELL CULTURE IN POROUS-BOTTOMED CULTURE CHAMBERS
Each type of structure formed in culture has its advantages and its drawbacks. We have tried to gather all the advantages in a new culture system designed for culturing epithelial cells: the porous-bottomed culture chamber.
A culture dish is fabricated by attaching a flat porous membrane to a glass, polycarbonate or polystyrene ring (Steele et al. 1986 ). T h e membrane forms the bottom of the dish and the ring forms the sides. Small feet are attached below the ring. Various types of filter can be used (Millipore H A T F or Nuclepore 3 or 0-45 /um). T h e porous-bottomed dish is placed in a Petri dish or multi-well plate containing medium.
Cells are seeded inside the ring and adhere to the filter bottom. Depending on the cell type and on the nature of the filter, adhesion can be improved by coating the bottom with collagen. If the seeding density is high enough, cells rapidly form a confluent polarized layer, which separates a luminal compartment inside the ring from a basal compartment outside the ring. Access is possible to both sides of the cell layer as with open structures (see above), but compartments are separated as in closed structures (Fig. 1). T h is type of design, initially introduced by Handler et al. (1979) , has been widely used by physiologists to study transport processes (Handler, 1986) and by cell biologists to study the asymmetry of epithelial cell layers (Simons & Fuller, 1985) . Such culture chambers are now commercially available from two companies: Millicell from Millipore and Transwell from Costar.
We have studied some properties of thyroid cells cultured in such porousbottomed dishes (filter coated with collagen).
Polarization o f the 'iodide pump ' a n d TSH receptor-aden yl cyclase complex
Thyroid cells form a monolayer within 2 -3 days in porous-bottomed culture chambers and their ability to concentrate iodide and to respond to T S H stimulation was tested after 4 -8 days in culture (Chambard et al. 1983) . Iodide added to the basal compartment was actively concentrated, with a concentration ratio of about 10. In contrast, iodide present in the apical compartment was not concentrated by the cells. T S H caused a marked increase in the level of cellular cyclic AM P only when added to the basal medium. T h is response was accompanied by the formation of pseudopods on the apical cell surface. T S H added to the apical compartment had no marked effect. T h is shows rather clearly that the iodide-concentrating mechanism (iodide 'pump') and the T S H receptor-adenyl cyclase complex are localized on the basolateral domain of the plasma membrane.
P olarized secretion o f thyroglobulin
In vivo, the colloid content is an almost pure concentrated solution of thyroglobu lin, but some thyroglobulin is also found in the circulation. T h e use of porousbottomed culture chambers permits the study of polarized thyroglobulin secretion (Chambard et al. 1987) . Cells were seeded in serum-free medium at high density and after 4 days, when the monolayer was confluent, serum (10 % ) was added to the basal compartment. Serum protein concentration in the apical compartment was followed by a protein assay and polyacrylamide gel electrophoresis (P A G E ). It remained very low (less than 36/xgml-1 (i.e. 0 -6 % of basal concentration)), providing a good test for the tightness of the cell monolayer. Labelled thyroglobulin added to the apical compartment crossed the cell layer at a very low rate. Only 0-5 % of added thyroglobulin was found in the basal compartment after 48 h, whereas concentration equilibrium was reached within 24 h in the absence of cells.
T h e secretion of newly synthesized 33S-labelled thyroglobulin in both compart ments was followed after adding [3sS]m ethionine to the basal medium. High molecular weight thyroglobulin, identified by immunoprécipitation and by PAGE followed by autoradiography, accumulated linearly in the apical compartment but only a minor amount (5 -1 5 % ) was found in the basal compartment. When T S H ( 100 [i units m P 1) was added to the basal medium a two-to threefold increase of apical thyroglobulin accumulation was observed. T h is increase was correlated with a threefold higher level of thyroglobulin-specific mRNA. In contrast, the amount of thyroglobulin found in the basal compartment was not increased after treatment by T S H .
T h e relatively high quantity of thyroglobulin found in the basal compartment precluded the possibility that it originates from apically secreted protein. It is therefore suggested that the majority of newly synthesized thyroglobulin molecules were apically secreted while 5 -1 0 % of them was directly secreted through the basolateral membrane. T h is route of secretion appeared unmodified after chronic treatment by T S H .
N et w ater transport from ap ical to basa l compartment
While studying the secretion of thyroglobulin we observed a net transfer of fluid from the apical to the basal compartment (Chambard et al. 1987) . A flux of 2-5 /Â h -1 per chamber (iv5 cm 2) was calculated for resting monolayers and 8*5 ¿ttl h -1 per chamber when cells were stimulated by T S H (100 units ml-1 ). Stimulation appears to be cyclic AMP-mediated since 8-chloro-cyclic AMP or cholera toxin were also stimulatory. T h is water transfer was active enough under stimulation to pump within 4 days almost all the fluid present in the apical compartment, which had to be refilled.
T h e reduction of apical volume results in a concentration of thyroglobulin in the apical compartment. T h e mechanism of this water transport in vitro has to be related with ion transport in the thyroid cell and its relation to the situation in vivo, where the follicular lumen is closed, has to be found.
ORIENTATION AND STABILIZATION OF EPITHELIAL CELL POLARITY: ORIENTING FACTORS
As seen from the above results, two completely different factors appear to be involved in the orientation of cell polarity. When cells are cultured on an adhesive substratum or in an adhesive matrix, adhesion is the determinant of cell polarization, the basal pole being formed in contact with the substratum. When cells are cultured in suspension, aggregates transform either into follicles or into inside-out follicles, depending on the presence of cell stimulators. Moreover, follicles have a spontaneous tendency to invert to inside-out structures when the stimulator is withdrawn or when the serum level is raised. Adhesion to a substratum is not involved in these situations, therefore other factors must be involved.
Several years ago, Jaffe (1981) pointed out the importance of ionic currents in establishing developmental patterns and put forward a model of the reversal of thyroid cell polarity. T h is model proposed a serum (or stimulator)-induced modification of apical, basal and transepithelial ionic currents resulting in a change in intracellular N a+, Ca2+ and pH gradients. L ittle was known about ion transport in thyroid cells and almost nothing about transepithelial electrical properties. Using porcine thyroid cells in culture we have started to study these parameters.
When puncturing cells organized into follicles or into inside-out follicles we observed that a transepithelial potential difference can be measured, the apical compartment being negative (Mauchamp et al. 1979b ) Takasu et al. 1984 . With reference to the culture medium the follicular lumen is negative and the cavity of inside-out follicles (basal compartment) is positive. Morphological and electrical polarization have the same orientation. T h e N a+/ K +-ATPase has been localized on the basolateral domain of the cell plasma membrane by immunohistochemistry, both in the gland and in cultured cells (Gerard et al. 1985a) . T h e study of N a+ uptake by cells cultured in monolayers on plastic showed that an amiloride-sensitive sodium uptake occurred at the apical pole of thyroid cells. T h is uptake was stimulated by cholera toxin and prostaglandin E , which increased cyclic AMP levels in monolayers (Gerard et al. 1985b ).
More recently, using porcine thyroid cell monolayers formed on collagen-coated filters and mounted in Ussing chambers, we have characterized transepithelial sodium transport responsible for the observed transepithelial potential difference. Amiloride blocked sodium transport from the apical side, whereas ouabain was inhibitory from the basal compartment. T h is current was stimulated by basal T S H , which increased transepithelial potential difference (Penel et al. 1987) . T h e existence of a basal N a+ channel and of a TSH -induced thyroid cell depolarization involving this channel has recently been reported (Hambleton et al. 1986; Manley et al. 1986 ) using cultured porcine thyroid cells.
T h e importance of these ion transport processes, occurring at the basal and apical poles of thyroid cells, in the maintenance of cell polarity and in the generation of transepithelial asymmetry must be studied further. T h e influence of environmental stimuli on the orientation of H + and H CO 3 -secretion by cells of the rat kidney collecting tubule has been demonstrated (Schwartz et al. 1985) . T h e polarity of transepithelial H + transport can be reversed and the H C 0 3 _ -secreting cell can be induced to change its functional polarity to that of the H +-secreting cell by loading the animal with acid. This paper is dedicated to the memory of Professor Serge Lissitzkv; the research on porcine thyroid cell polarity was initiated in his laboratory some years ago. This work was supported by IN SE R M (U 270), by CN RS (UAC 99) and by Fondation de la Recherche Medicale. We acknowledge the expert technical assistance of Danielle DePetris, Sylvie Alloing and Jean-Claude Bugeia, and the expert assistance of Chantal Aubert in preparing the manuscript. ' G a r t n e r , R ., G r e i l , W ., S t r u b n e r , D ., P e r m a n e t t e r , W ., H o r n , K . & P i c k a r d t , C. R. (1985) .
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